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(54) Low-temperature thermal chemical vapor deposition apparatus and method of synthesizing 
carbon nanotube using the same 



(57) A iow-tennperature chemical vapor deposition 
(CVD) apparatus and a nnethod of synthesizing carbon 
nanotubes using the CVD apparatus. The thernnal CVD 
apparatus includes: a reaction tube having a gas inlet 
portion and an exhaust portion, the reaction tube 
divided into a first region^ which is spatially adjacent to 
the gas inlet portion, for thermally decomposing a gas 
entering through the gas inlet portion, and a second 
region, which is spatially adjacent to the exhaust por- 
tion, for synthesizing carbon nanotubes using the gas 
decomposed in the fTSt region; a first resistance heater 
installed around the reaction tube, for maintaining the 
temperature o' The ftrst region at a first temperature; a 
second resistance heater installed around the reaction 
tuoe, fo^ maintaining tne temperature of the second 
region a: a second temperature lower than the first tem- 
perature; and an insulator interposed between the ftrst 
and second resistance heate" for insulating the same. 
The carbon nanotube syntnesis method includes form- 
ing a first metal catalys^ film over a first substrate. The 
first netal catalyst film is etched witn an etching gas to 
form a rumbe^ of nano-stzed catalytic particies. and a 
carbon source gas is thermally decomposed using a 
thermal chemica vapcr deposition (CVD) apparatus 

_ _ r.,r>., .^^,wir^^jH int" f r-^t Rrd second 
nfcviny ti (trcn^Liwn iu<^^ ^,v,v^wj ■ — - 

regions, maintained at different temperatures, wliertiin 

the carbon source gas is decomposed in the first region, 

which is a re atively h gh temperature region, of the 

react on tube. Then, carbon nanotubes are synthes zed 



over the catalytic particles using decomposed carbon 
source gas. in the second region whose temperature is 
lower than the first region. 
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Description 

e:ackground 

" ^lela 0^ the i-^vc-^: 



[0001] The present invention relates to a method o* 
synthesizing caroon nanotubes, and more particularly 
to a rTiethod of syntnesizing carbon nanotubes usirc 
tnerma chemical vapor aepostion (CVD). 

2. Description of tfici RelateO Art 

[0002] Carbon nanotcbes nave miniature cyindnca 
structjres with a oiameter on the order of a few nanom- 
cterG and an aspect ratio cf I D to lOOC. Carbon nano 
tjbes have a honeycomo Ikc hexagon pattern in which 
each carbon atom is combined vyith th^ee neighboring 
caioon atoms. Also, caroon nanotubes can fcnctior as 
eitner a conductor, like metals, or a semiconductor 
according to their st^uc*ures, and application fields of 
these caioon nanotubes are expected to be extensive 
[0003] To synthesize carbon nanotubes on a mass 
production scale, electnca discharging, laser aeposi- 
t'on. and chem'cal vaoor deposition using hydrocarbons 
have oeen widely used. In particular, the eiectricat dis- 
charging technique is to grow carbon nanotubes by arc 
discharge using a carbon electrode. The laser Deposi- 
tion method is to synthesize carbon nanotubes by irradi- 
ating graphite with laser lignt. However, these two 
methods are inappropriate for ccntrolling the diameter 
and length of cahoon nanotubes, and the structure of 
carbonaceous materials, and thus it is difficult to obtain 
excellent crystalline structure during the synthesis of 
carbon nanotubes. Furthermore, a large amount of 
amorphous carbon lumps are also produced at the 
same time, so that further comolicate purification is nec- 
essary afte^ the synthesis of the carbon nanotubes. 
thus complicating the process. Another drawback of 
these methods is that it s impossible to synthesize car- 
bon nanotubes over a relatively wide area. Thus, these 
methods cannot be applied to a variety of devices. 
[0004] A method of synthesizing carbon nanotubes 
by plasma CVD was suggested. However, carbon nano 
tubes can be damaged from plasma impact and synthe- 
sis of carbon nanotubes on a relatively large substrate 
is difficult. 

[0005] Recently, a thermal CVD for synthesizing 
caioon nanotube on a substrate by therma^ decomposi- 
tion of hydrocarbon, has been disclosed. This existing 
thermal CVD technique is aavantageous in that high 
purity carbon nanotubes can be produced on a large 
scale. However the synthesis of carbon nanotubes by 
thermal CVD is carried out at a high temperature of 
700"C or more, and thus a glass substrate cannot be 
apDiied for this method For example, if a glass sub- 
strate cannot oe used in the manufacture of display 
devices such as field emission displays, it will be unfa- 



vcrac e in \-evj tec'^^^ica. ana econom.cai aspects, lo 
.,se a qias? sets* '-ate. t'^e 'e^^pe-at^^e z* cartc" 'Uinc; ■ 
!..ce synthesis must ce eaua; tc or less man 650 C at 
vv'^ c^^ cjetorn^at:on o* glass i= iritiateo. In a:^ctr^t:r 
asoec:. since a;r^ost an existm^j aeveiocea eiec^rorns 
aevices have eectncai interconnections, almost of 
w'lich are formed of cilurninuni having a melting :iont -jf 
700 C or ess. the LOfive'iticna ttierrnal CVD r''e:ncJ 
pt^ricrmed at 700 C cr more is not applicable in the 
manufacture cf the electronic devices. 

SJMMARV O- THE INVENT Ofj 

[0006] It IS an ocjective cf the present invention to 
ir- provide a thermal chemical vapor deposit on rCVC) 
apparatus in v\ hich high purity caiDon nanotubes can be 
produced ct lew temperatures in a simple and ccoron^ 
ical way 

[0007] It is anotner objective of the present inver- 

.■'i) tion to provide a method of synthesizing carbon nano- 
tubes using a low-temperatu'*e CVD metnod, which is 
applicable in the manufacture of display devces whicn 
adopt glass substrates, and electronic devices. 
[0008] According tc an aspect cf the present inver- 

25 tion, there is provided a thermal chemical vapor depos - 
tion (CVD) apparatus comprising: a reaction tube 
naving a gas inlet portion and an exhaust portion, the 
reaction tube divided into a first region, which is spatially 
adjacent tc the gas inlet portion, for thermally decom- 

30 posing a gas entering through the gas niet portion, and 
a second region, which is spatially adjacent to the 
exhaust portion, for synthesizing carbon nanotubes 
using the gas decomposed in the first region: a first 
resistance heater installed around the reaction tube, for 

35 maintaining the temperature of the first region at a first 
temperature; a second resistance heater installed 
around the reaction tube, for maintaining the tempera- 
ture of the second region at a second temperature lower 
than the first temperature; and an insulator nterposed 

40 between the first and second resistance heater for insu- 
lating the same. 

[0009] Preferably, the first and second resistance 
heaters are resistance coils. Preferably, the first region 
is maintained at a temperature of 700 to 1000°C by the 
45 first resistance heate and the second region is main- 
tained at a temperature of 450 to 6S0'C by tne second 
resistance heater. 

[0010] According to another aspect of the present 
invention, there is provided a method of synthesizing 

50 carbon nanotubes, comprising forming a first metal cat- 
alyst film over a first substrate. The first metal catalyst 
film is etched with an etching gas to form a number of 
nano-sized catalytic particles; thermally decomposing a 
carbon source gas using a thermal chemical vapor dep- 

-^5 osition (CVD) apparatus having a reaction tube divided 
into firs: and second regions, maintained at different 
temperatures, wherein the carbon source gas is decom- 
posed in the first region, which is a relatively high tem- 
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perature regicn, of the reaction tube. Then, carbon 
nano:ubes are syntheszed over the cata ytic particles 
using deco'Tiposed caroon source gas, in the second 
region whose ten^pe'-ature is lower tnan the trst region. 
[0011] Preferably, tne first substrate is fornned of ^ 
giabb., cjud"^, ^)iiiuOii, ciiuiiiMici ^mIv^w^p wa,^^. . .-..^.^ 
hiy. the first metal catalyst fiir^ is fornned of cobalt, 
nickel, iron or an alloy o* the same. Preferably, the etch- 
ing gas IS annmonia gas, hydrogen gas or hydride gas. 
K/lore preferably, amnnonia gas is used as the etching /o 
gas. 

[0012] Preferably, forming the catalytic particles is 
carried out in the second region of the reaction tube. 
Here, the second region is maintained at a temperature 

of 450 to 650^^C. 

[0013] in decomposing the carbon source gas, the 
first region may be maintained at a temperature of 700 

to lOOO'C. in synthesizing carbon nanotubes, the sec- 
ond region may be maintained at a temperature of 450 
to 650"C, 

[0014] A hydrocarbon gas having 1 to 20 carbon 
atoms may be used as the carbon source gas, and 
more preferably, acetylene or ethylene is used. 
[001 5] The carbon nanotube synthesis method may 
further comprise forming a second metal catalyst film 25 
over a second substrate, wherein forming the catalytic 
particles is carried out in a state where the first metal 
catalyst film and the second metal catalyst film face 
each other a predetermined distance apart. Preferably, 
synthesizing carbon nanotubes is carried out in a state 30 
where the catalytic particles face the second metal cat- 
alyst film a predetermined distance apart. 
[0016] Preferably, the second metal catalyst film is 
formed of chromium or palladium. 

[001 7] The carbon nanotube synthesis method may 35 
further comprises forming an insulating film over the first 
substrate to prevent reaction between the first substrate 
and the first metal catalyst film. Preferably, the insulating 
film is formed of silicon oxide or alumina. 
[0018] The carbon nanotube syntnesis method 4o 
according to the present invention may comprise form- 
ing a metal film over the first substrate. Preferably the 
metai film is formed of titanium, titanium nitride, chro 
mium or tungsten. 

[0019] The present invention enables synthesis ot 
carbon nanotubes with a high purity at a low tempera- 
ture of 650^ C or less, and thus a glass substrate having 
a low melting point can be used Use of the present 
invention is highly effective in ^he manufacture of a vari- 
ety of display devices including field emission displays 5o 
(FEDs). 

BRIEF_DESCRIPTION OF THE DRAWINGS 

[0020] The above oojectives and advantages of the 55 
present invention will become more apparent by 
describing in oetaii preferred embooiments thereof with 
reference to the attached orawings n which: 
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FIG. 1 IS a schematic view showing the configura- 
tion of a preferred emoodiment of a therma chemi 
cal vapor deposition (CVD) apparatus according :o 
tne present invention, 

FIGS. 2A through 2C are sectional views illustratirg 
a methcd of synthesizing ca^on nanotubes 
according to a first embodim:ent of tne present 
invention; 

FIG. 3 IS a schematic view illustrating the synthesis 
of carbon nanotubes using the thermal CVD appa- 
ratus of FIG. 1 ; 

FIG. 4 is an enlarged view showing a plurality of 
suu^tf .dttii> put into ohlS oi a t^i^ciiLi- t^^t^L 
at a low-temperature region in the reaction tube of 
the apparatus of FIG. 3; 

FIG 5 illustrates a second embodiment of the 
method of synthesizing carbon nanotubes accord 
Ing to the present invention, 

FIGS. 6A through 6C are sectional views illustrating 
a third embodiment of the method of synthesizing 
carbon nanotubes according to the present inven- 
tion and 

FIGS. 7A and 7B are sectional views illustrating a 
fourth embodiment of the method of synthesizing 
carbon nanotubes according to the present inven- 
tion. 

DETM^EimESCRiRnQM^OFllHE^ 

[0021] The present invention will now be descnbed 
more fully with reference to the accompanying draw- 
ings, in which preferred embodiments of the invention 
are shown. This invention may however, be embodied 
in many different forms and should not be construed as 
being limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully 
convey the concept of the invention to those skilled in 
the art In the drawings, the thickness of layers and 
regions are exaggerated for clanty. It will also be under- 
stood tnat when a layer is referred to as being "on" 
another layer or substrate, it can be directly on the other 
layer or substrate, or intervening layers may also be 
present. 

[0022] The structure of a low-temperature thermal 
cnemical vapor deposition (CVD) apparatus according 
to a preferred embodiment of tne present invention is 
snown in FIG. 1. Referring to FG. 1, the low-tempera- 
ture CVD apparatus includes a refiction tube 10 maoe 
of quartz. The reaction tube 10 is divided into two 
regions, i.e., a high-temperature region and a low-tem- 
perature region, m its longitudinal direction. 
[0023] A first resistance heater 24 is installed 
around the react:on tube 10 near a gas inlet portion 12. 
sjch that the high-temoerature r-egion located near the 
gas inlet portion 12 is maintained at a first temperature 
T^ , wh.ch is relat vely high, by the first res stance heater 
24. 
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[0024] A secc-G re£:s:anctr ^-eaie" :S r:s:a ec 
a^ouna tnt reaction tuDe i 0 near an e>:naust port o^-^. 24 
s^:r^- tnat ire Dw-terperature region locatea near the 
tirxnaost oortion 14 is ^'^ainiainea at a seccna tea^.pera- 
'.."o ^ . whicn s lowe" inar tne trst :eniperatLjre J ^ 
•^^t: secona "esistancc f^eaier 26. 

[0025] The first ana second ^es stance heaters 24 
ana 2b are separatej ^on~ each other by an insulator 
The 'irs: and second resistance heaters 24 and 2t 
n^ay te constructed n coil forms. 

[0026] A thernnocouple (not shown) is installed ir 
both ifie hiyti- ana low-temperature re^jions of the rtac- 
t'O'i tube 10. to sense the temperature of the twc 
regions Preferaoly, the temperatLre of tne nign-temper- 
ature region of The reaction tube 1 0 is kept in the range 
of 700 tc 1000 C by the first resistance heater 24, ano 
tne tcnnpcrature o* the lew tcrrpc-aturo region is kept ir 
the range of 450 to 650 C by the second resistance 
heater 26. 

[0027] Also, a pump 32 and an exhaLJSt device 34 
are set near the exhaust portion M of the reaction tube 
1 0, as shown in F G 1 The inner pressure of the reac- 
tion tube 1 0 can be adjusted by the exhaust device 34. 
[0028] A gas entering the reaction tube 10 through 
the gas inlet portion 1 2 fiows through the high- and low- 
temperature regions, in sequence, within the reaction 
tube 10. and is exhausted through the exhaust portion 
14. Tne reaction gas allowed to flow into the reacrior 
tube ^ 0 is decomposed by heat at the high-temperature 
region. As the decomposed reaction gas migrates to the 
low-temperature region of the reaction tube 10, carbon 
nanotubes are synthesized in the low-temperature 
region. 

[0029] Thus, to perform a CVD process in the low- 
temperature thermal CVD apparatus according to the 
present invention, a quartz boat 4, which holds a target 
suost^ate to be subjected to deposition, must be posi- 
tioned in the low-temperature region of the reacticn tube 
10. 

[0030] FIGS. 2A through 2C are sectional views 
illustrating a method of synthesizing carbon nanotubes 
according to a first embodiment of the present inven- 
tion. In the present embodiment, the low-temperature 
thermal CVD apparatus shown in FIG. 1 is used. 
[0031] Referring to FIG. 2A, first a metal catalyst 
film 52 IS formed over a substrate 50 to have a thickness 
of about 2 to 200 nm. The substrate 5C ' rmed of a 
material, which neither reacts during CVD nor reacts 
with metals, for example, glass, quartr, silicon, alumina 
(AioO^) or silicon oxide. The metal catalyst film 52 can 
be formed of. for example, cobalt (Co), nickel (Ni). iron 
( Fe) cr an a loy of the same, by a common thermal dep- 
ostion, E-beam deposition or sputtering method. 
[0032] FIG. 2B illustrates formation of a number of 
catalytic particles from the metal catalyst film 52 in the 
low-temperature therma CVD apparatus o* FIG. 1, 
[0033] First, the substrate 50 with the metal catalyst 
film 52 is inserted parially upright into a slit of the 



a..a''*z DC a: - ana oaueo ^nto t^e !OW-ter7-,pe^at^''r 
^egion of the reacVc^ tuDe ■ 0 ^^e ^^-e^^^a' CVD acpr-.- 
^Btus shown in ^\G 1 Mere, tne temperature of tne 
r igh -temperature regior-- tne react -on tupe ' C is ma^ ^ - 
T^.ned in the range ot /(JU to 1 uuu C Py tne *irs* resist 
ance heater 24 wnile tne temperature of tne low- 
terTiperature region is niaintaned in the range of 450 to 
650 C by ttie secofiu resistance tieater 26. Also, th- 
inner pressure of the feaction tube 10 is kept at a few 

J^^• hundreo mTor' to a few Tot. 

[0034] Then, an etching gas 54 is supplied nto the 
reaction charr^be^ 10 ttirouyfi tlie gas inlet portion 12 
l"he etching gas 54 may be an^monia gas, hydrogen gas 
or hydride gas such as N-l. An ammonia gas is more 

I- preferred as the etching gas. When ammonia gas is 
used as the et:h ng gas, the f ow rate is controlled to bo 
between about 80 and 300 seem. 

[0035] As a result the metal catalyst film 52 is 
etched from the surface along grain boundaries within 
.'t^ the same wh ch results in a numoer of catalytic part - 
cles 5?a, which are nano-sized catalytic metal islands, 
on the surface of the substrate 50. The catalytic part- 
cles 52a serve as a catalyst in the synthesis of carbon 
nanotubes. 

75 [0036] FIG. 2C illustrates a step of synthesiz ng car^ 
bon nanotubes 60. When the formation of a nun^iber of 
catalytic particles 52a over the substrate 50 is com^ 
pleted, a carbon source gas 56 is supplied through the 
gas inlet portion 12 into the reaction tube 10. The car- 

30 bon source gas 56 may be any gas capable of forming 
carbon dimer ana having a low decomposition tempera- 
ture A hydrocarbon gas having 1 to 20 carbon atoms is 
preferred as the carbon source gas 56, but acetylene or 
ethylene gas is more preferred, ^he carbon source gas 

35 56 is supplied at a flow rate of about 20 to 1 00 seen for 
about 1 0 to 40 minutes. 

[0037] FIG. 3 IS a schematic view illustrating the 
process of forming carbon nanotubes 60 from the flow- 
ing of the carbon source gas 56 into the reaction tube 1 0 

40 to the synthesis of carbon nanotubes 60 in the low-tem- 
perature thermal CVD apparatus shown in FIG, 1 . 
[0038] As shown in FIG. 3. the carbon source gas 
56 entering into the reaction tube 10 through the gas 
inlet portion 12 is decomposed at the high-temperature 

45 region, which is maintaine at about 700 to 1 OOO'^C, and 
high purity carbon nanotubes 60 are synthesized on the 
catalytic particles 52 by the decomposed carbon source 
gas 56 at the low-temperature region, which is main- 
tained at aoout 450 to 650'"C. Here, the catalytic parti- 

50 cles 52a serve as a catalyst for the growth of carbon 
nanotubes 60. 

[0039] FIG. 4 is an enlarged vew of a plurality of 
substrates 50 put into the slits of the quartz boat 4 posi- 
tioned at the low-temperature region in the reaction tube 
55 10 of FIG. 3. As shown in FIG. 4, tne substrate 50 are 
inserted into the slits of the quartz boat 4 such that the 
metal catalyst film 52 fo^-med over the substrate 50 does 
not face the gas flowing n the direction indicated by 
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[0040] -IG 5 is a diagram illustrating a second 
enbodiment of the methoo of synthesizing carbon nan- 
otjbes according to the present invention. :n the second 
embodiment, the meta! catalyst filrr 52 is fornned over 
the substrate 50 as in the ^irst embodiment, which was 
de<:;oribed earlier with reference to -IG. 2A. Jnlike the 
first embodiment, the first substrates 50 are positioned 
into the slits of the quartz boat 4 as in the previous 
embodiment illustrated ^n FIG. 4, but one slit apart, and 
then the empty slits of the quartz boat 4 are filled with 
second substrates 70 having a metal catalyst film 72 
over the surface, such that tne metal cataiyst films 52 
and 72 face each other a predetermined distance apart. 
[0041] The second substrate 70 can be formed of, 
for example, glass, quartz, silicon, alumina (AI^^O^) or 
silicon oxide. It is preferable that the metal catalyst film 
75 formed over tne second substrate 70 is formed of 
chromiumi (Cr) or palladium (Pd). 

[0042] Then, the etching gss 54 and the carbon 
scurce gas 56 are supplied, in sequence, into the reac- 
tion tube 10 as in the previous embodiment described 
with reference to FIGS. 2B and 2C, to form carbon nan- 
otubes over the first substrate 50. Here, when the etch- 
ing gas 54 and the carbon source gas 56 are supplied 
into the reaction tube 1 0, a constituent of the metal cat- 
alyst film 72 acts as a catalyst of further reducing the 
decomposition temperature of the etching gas 54 and 
the carbon source gas 56 within the low-temperature 
region of the reaction tube 10. 

[0043] FIGS. 6A through 6C are sectional views 
illustrating a third embodimient of the method of synthe- 
sizing carbon nanotubes according to the present 
invention. In the third embodiment, the low-temperature 
thermal CVD apparatus shown in FIG. 1 is used. 
[0044] Referring to FIG. 6A, first an insulating film 
151 IS formed over a substrate 150. Then, a metal cata- 
lyst film 152 is formed over the insulating film 151 as in 
the first embodiment described with reference to FIG. 
2A. The formation of the insulating film 151 is to prevent 
a reaction between a metal of the metal catalyst film 1 52 
and constituents of the substrate 150. For example, in 
the case where the substrate 150 is a silicon substrate 
and tne meta! catalyst film 1 52 is formed of Co. Ni or an 
alloy of tfie same, the insulating film 151 is formed 
between the metal catalyst film 152 and the substrate 
150 to prevent formation of silicioe at the interface. The 
insulating layer 151 may be formed of, for example, sili- 
con oxide or aiumina (AI0O3). 

[0045] Referring to FIG. 6B, an etching gas 154 is 
supplied into the thermal CVD apparatus to etch the 
mietai catalyst film 1 52 to form a numbe^ of catalytic par- 
ticles 152a. as in the first embodiment described with 
reference to FIG. 2B. Then, the thermal CVD deposition 
is carried ojt, as in tne first embodiment iliustrated with 
reference to FIGS. 2C and 3, on the structure naving the 
catalytic particles 152. by ^iowing a carbon source gas 
156 into the apparatus, which results in htgh ounty car- 
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bon nanotubes 160 formed protruding from the catalytic 
particles 152a. as snown in FIG 6C. 
[0046] FIGS. 7A and 78 are sectional views illus- 
trating a fourth embodiment of the method of synthesiz- 
ing carbon nanotubes according to the present 
invention. The fourth embodiment involves the further 
formation of a metal film 251 between a substrate 250 
and a metal catalyst film 252. In particular the metal film 
251 IS formed over the substrate 250 with^ tor example, 
titanium (Ti), titanium nitride, chromium (Cr) or tungsten 
(W), and then the metal catalyst film 252 :s formed over 
the metal film 251 . Then, the processes described with 
reference to FIGS. 2B, 2C and 3 are performed to form 
carbon nanotubes 260. The metal film 251 can be used 
^5 for electrodes for such devices as FEDs, vacuum fluo- 
rescent displays (VFD) or white light sources. 
[0047] In the drawings and specification, typical 
preferred embodiments of the invention are disclosed 
and, although specific terms are employed, tney are 
on used in a generic and descriptive sense only and not for 
purposes of limitation 

[0048] The iow-temperature thermal CVD appara- 
tus according to the present invention has a reaction 
tube, which is compartmented into two regions, wherein 
25 the temperatures of the two regions, high- and low-tem- 
perature regions, are independently controlled by two 
different resistance heaters separated by an insulator 
Thus, in the method of synthesizing carbon nanotubes 
according to the present invention, using the low-tem- 
3G perature thermal CVD apparatus, a reaction gas enter- 
ing the apparatus is decomposed in the high- 
temperature region and carbon nanotubes are synthe- 
sized over a number of catalytic particles formed over 
the substrate in the low-temperature region. 
35 [0049] As previously deschbed, in contrast to a con- 
ventional thermal CVD technique which grows carbon 
nanotubes at high temperatures, the present invention 
can produce carbon nanotubes at a low temperature of 
650^C or less, with a high purity. Thus, the present 
40 invention is effectively applicable to glass substrates 
having a low melting point. Also, according to the 
present invention, high purity carbon nanotubes can be 
densely synthesized over a relatively large flat substrate 
at a low temperature. Thus, the present invention is 
4^ effectively applicable to the manufacture of various dis- 
play devices including FEDs, 

[0050] While this inventior- has been particularly 
shown and described with reference to preferred 
embodiments thereof^ it will be understood by tno.se 
50 skilled in the art that various changes m form and details 
may be made thereto without departing from the spint 
and scope of the invention as defined by the appended 
c'aims. 

55 Claims 

1. A tnermal chemical vapor deposition (CVD) appa- 
ratus, comprising' 
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exrirtuSl L;or[iori, ine reacTion tjoe CJiviaea 
rMc a *irs: region, whic^^ is spatially adiacerv tc 
•rie gas miet pert on, Tc^ tnern^aliy aecci^pcs 
ng a cas entering tn^cugn the gas .met cort 
ana a second reg on wnicn ;s spatially aaia- 
■jer't to tne extiaust port on. for synttiesi^Tnj 
■^arjufi nanotuLes ut) fiy the gas ueLon poteu 
f^i t'^e 'I rs: region. 

a first resistance neater insta lea around the 
"eaction tube, for maintaining the temperature 
jf tne firs: region at a first temperature, 
a secona resistance heater installed arouna 
the reaction tube, for ma ntaining the tempera- 
ture of the second region at a second tempera- 
ture lower than the first temperature; and 
an insulator interposed oetwecn the first ano 
second resistance heater for insulating the 
same. 

2. The apparatus of claim 1 , where n tne ^irs^ ard sec- 
ond resistance heaters are resistance coiiS. 

3. The apparatus of claim 1 . wherein tne 'irst region is 
maintained at a temperature of 700 to 1000 C by 
the f rst resistance heater, and the second region is 
maintained at a temoerature of 450 to 65C C by the 
second resistance heater. 

4. A method of synthesizing carbon nanotubes, com- 
p-ising: 



7. 



/St fii^^i i£ formea x- nave a tnicKness c/ '/ to 



8. r-^^rrioa o^ clarr 4. w^erem the etch ^^g gas is 
ammonia gas, hydrogen gas or hydnoe gas 

9. ne method ot claim 8. v;nerein the etching gas is 
ammonia gas. 

10. ^he method of clam 4. wherein forming the cata- 
lytic particles is carried out in the second rtrgicn of 
the reaction tube. 



13 maintained at a temperature of -^50 to 650 C 

12. ^he method of claim 4, wherein, in decomposing 
the carbon source gas. the first reg:on is maintained 

zo at a temperature of 700 to 1 00C>C 

13. "^he method of claim 4, wherein the carbon source 
gas is a nyarocarbon gas having 1 to 20 carbon 
atoms, 

14. ^he method of claim 1 3. wherein the carbon source 
gas IS acetylene or ethylene. 

15. ^he method of claim 4. wherein, in synthesizing 
30 carbon nanotubes, the second region is maintained 

at a temperature of 450 to 650 C. 



forming a first metal catalyst film over a *irst 
substrate; 

etching the first metal catalyst film with an etch- 35 
ing gas to form a number ot nano-sized cata- 
lytic particles; 

thermally decomposing a carbon source gas 
using a thermal cherriical vapor deposition 
(CVD) apparatus having a reaction tube 
divided into first ana second regions, main- 
tained at different temperatures, wherein the 
caroon source gas is decomposed in the first 
"egion, which is a relatively high temperature 
"egion, of the reaction tube; and 45 
synthesizing carbon nanotubes over the cata- 
'ytic oarticles using decomposeci bon 
source gas, in the second reg on whose tem- 
oerature is lower than the first region 

50 

5. The method of claim 4. wherein the first substrate is 
formed of glass, quartz, silicon, alumina or silicor 
oxide. 

6, The method of claim 4. wherein the first metal cata- 55 
lyst film is formeo of cobalt, nickel, iron or an alloy of 

the same. 



16. The method of claim 4. further comprising fo-ming a 
second metal catalyst film over a second substrate, 
wherein forming the catalytic particles is earned out 
in a state where the first metal catalyst fnm and the 
second metal catalyst film face each other a prede- 
termined distance apart. 

17. ^he method of claim ^6, wherein synthesizing car- 
bon nanotubes is carrieo out in a state where the 
catalytic particles face the second metal catalyst 
film a predetermined distance apart. 

18. The method of claim 16, wh rein the second sub- 
strate is formed of glass, quartz, silicon, alumina or 
silicon oxide. 

19. The method of claim 17. wherein the second sub- 
strate is formed of glass, quartz, silicon, alumina or 
silicon oxide. 

20. ^he method of claim 16. where n tne second metal 
catalyst film is formed of chrom um or palladium. 

21. 'he method of claim 17. where n tne second metal 
catalyst film is formed of chrom um or palladium. 
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22. The method of claim ^, further comprising forming 
an nsLlating film over the first substrate to prevent 
reaction tetv/een the first substrate and the first 
metal catalyst film. 

wherein the firs^. catalytic film is torned over the n 
insulating film, 

23. 1 he method of claim 22, wherein the insulat ng film 
IS formed of sihcon oxide or alumina. 

U) 

24. The method of claim 4, further comprising forming a 
rTietal film over the first substrate, 

wherein the first metai cataiyst film is fufnied uvet 
the metal film. 

25. The method of claim 24, wherein the metal film is 
formed of titanium, titanium nitride, chromium or 

tjngsten. 

PO 
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FIG. 3 
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